Summary: The intrinsic organization of the red nucleus (RN) was studied in the mouse using the rapid Golgi method. Cytoarchitecturally, the RN was divided into the magnocellular (RNmc) and parvocellular parts (RNpc). The former occupied the caudal one-third and the latter formed the rostral two-thirds of the RN. Based primarily on the size of somata, the RN neurons were classified into four types: giant, large, medium-sized and small neurons. Of these, the former two types of neurons were distributed mainly in the RNmc, while the latter two types of neurons were seen mainly in the RNpc. Axons of the RN neurons, at least those of the former three types of neurons, ran medially or caudomedially. Some axons ran across the mesencephalic raphe region to be lost in the medial region of the contralateral tegmentum. Two groups of afferent fibers to the RN were distinguished. Group I afferents were fibers composing the superior cerebellar peduncle. After crossing in the decussation of the superior cerebellar peduncle, these fibers entered the RN from the caudomedial aspect, ran rostrally in the nucleus emitting numerous collaterals. Group H afferents reached the RN from the ventrolateral aspect and traveled mediodorsally to be distributed totally within this nucleus.
The red nucleus (RN) has been the subject oi numerous investigations (Massion 1967) . In many mammals, the RN is generally divided into the magno. cellular (RNmc) and the parvocellular parts (RNpc) and neuronal organization of each part was analyzec in several species (Ram& y Cajal 1911; King, Schwyr and Fox 1971; King, Bowman and Martin 1971; Cond( and Conde 1973; Reid, Gwyn and Flumerfelt 1975) . Or the other hand, the cerebellorubral (Flumerfelt, Otab( and Courville 1973; King et al. 1973; Caughell anc Flumerfelt 1977 ) and corticorubral fibers (Rinvik anc Walberg 1963; Kuypers and Lawrence 1967) have beer known to be the main afferents to the RN and distribu, tion patterns of these fibers have been studied in variou: animals. However, little information has been availabl( on the structural organization of the mouse RN. Tht objective of the present study is to clarify the intrinsic organization of the RN in the mouse as revealed by till rapid Golgi method.
Materials and Methods
Approximately 200 mice ranging in age from five t( seven days were used in the present study. The animal were sacrificed by decapitation. The brains were re moved and cut into blocks of 5 mm in thickness. The blocks were immersed in an osmium-dichromate mixture (1 volume of 107o osmium tetroxide and 4 volumes of 3.507o potassium dichromate) for 4-6 days at room temperature. Then the blocks were washed in 107o silver nitrate solution and kept in a freshly prepared 1% silver nitrate solution for two to three days. The impregnated blocks were dehydrated in an absolute alcohol, immersed in 2% celloidin. Thereafter, the blocks were embedded in 1607o celloidin, cut into 100 um serial sections in one of the three anatomical planes, cleared in xylol, and mounted in dammer-gum. Several series of mouse brains stained by the Nissl or Weil methods were used for orientation purposes. The results were shown by camera lucida drawings.
Results
The red nucleus (RN) was located in the midtegmental region and was composed of neurons of varying sizes and forms (Fig. 1) . As a dense fiber plexus derived mainly from the superior cerebellar peduncle encapsulated almost the entire surface of the nucleus and many of the dendrites of the RN neurons were distributed within the nuclear confines, the RN was well demarcated from the surrounding areas.
As seen in Nissl preparations, the RN was divided into the RNmc and the RNpc (Fig. 2) . The former occupied approximately the caudal one-third of the RN and was composed mainly of large neurons. In contrast, the latter formed the rostra' two-thirds of the nucleus and was made up of medium-sized and small neurons.
(I) Neuronal organization
In Golgi sections, the RN neurons were classified into giant, large, medium-sized and small neurons, based primarily on the size of somata. Giant neurons were seen exclusively in the RNmc and were the most prominent constituents in that part. They had polygonal or ovoid somata with a mean diameter of 41.7 pm (Fig. 3, F) . From the cell body, five to nine primary dendrites which soon branched out into numerous collaterals were issued. The dendrites were moderately spinous, extended in a radial manner and were distributed mainly within the nuclear confine of the RN.
Large neurons were rarely observed in comparison to the giant neurons and were distributed mainly in the RNmc; however, a few of them were seen also in the caudal region of the RNpc (Fig. 3, E) . The cell bodies of these neurons were polygonal or round, had an average diameter of 35.2 pm and generated three to five primary dendrites which gave off two to three collaterals. Dendritic spines were far fewer than those of giant neurons.
Medium-sized neurons were the most frequently encountered ones and were the main constituents of the RNpc (Fig. 3, C, D) . The cell body of these neurons was oval or triangular in form and had an average diameter of 28.5 pm. Three to six primary dendrites arose from the somata and emitted a few collaterals, the majority of which were distributed within the confine of the RN. The dendrites were covered with numerous spines. Small neurons were rarely impregnated and were observed mainly in the RNpc (Fig. 3, A , B). These neurons had oval or triangular somata which measured an average of 20.8 pm. From the somata extended three to six thin primary dendrites which emitted a few collaterals. The dendrites had a few spines of varying length.
The axons of the RN neurons arose from the somata or from the proximal portion of a primary dendrite. In frontal sections, the axons of the giant, large and medium-sized neurons ran in the medial or caudomedial direction. At least some axons could be traced toward the mesencephalic raphe region and crossed the midline in the dorsoventral middle region of the tegmental decussation to be lost in the medial area of the contralateral tegmentum (Fig . 4) . The axonal courses of the small neurons could not be traced .
(II) Afferent fibers.
As seen in frontal sections, the RN was a fiber-dense area (Figs. 1, 5 ). Almost the entire surface of the RN was encapsulated by the dense fiber plexus, many of which were derived from the superior cerebellar peduncle. Fibers surrounding the RN frequently entered the nucleus, and some of the fibers converged to form pericellular baskets. As seen in horizontal sections, the fibroarchitecture between the RNmc and RNpc was quite different; the RNmc was much more fiber dense than the RNpc (Fig. 6 ). According to fiber courses and terminal patterns, afferent fibers to the RN were divided into two groups.
Group I afferents were derived from the fibers composing the superior cerebellar peduncle. After crossing through the decussation of the superior cerebellar peduncle, this group of afferents entered the RN from the caudomedial aspect. Based primarily on the terminal patterns and distribution area of collaterals, two types of fibers were distinguished among the group I afferents.
Type I afferent fibers were thick fibers (Fig. 7, A) . These fibers ran rostrally or rostrolaterally in the RN and emitted collaterals which were distributed almost exclusively in the RNmc, forming the dense fiber plexus in that part. Frequently, several collaterals were seen to converge to form pericellular baskets. After emitting collaterals, the main axons traveled further rostrally or rostrolaterally through the RNpc and joined the cerebellothalamic fibers. Occasionally, the tips of the and K. Nakamura main axons of this type of afferents were seen to enter the medial lemniscus. Type II afferents were more rarely impregnated than the type I fibers. This type of afferent ran rostrally or rostrolaterally through the RNmc and gave off collaterals, mainly to the RNpc (Fig. 7, B) . Each collateral branched out into many short terminal collaterals. However, the number of terminal collaterals emitted from type II fibers was far fewer than that of the type I fibers. Accordingly, the RNpc was much more fiber sparse than the RNmc (Fig. 6) . The tips of the main axon ran rostrally or rostrolaterally beyond the nuclear confine of the RN among the cerebellothalamic fibers to be distributed in the dorsal thalamus. Frequently, tips of one, occasionally two, of the collaterals ran rostrolaterally and entered the medial lemniscus.
Group II afferents were thin fibers (Fig. 8) . In frontal sections, this group of fibers traveled mediodorsally, entered the RN from the ventrolateral aspect and proceeded further mediodorsally, emitting numerous short fine collaterals. The majority of these afferents ended totally within the RN. Tracing retrogradely as fiber groups, many of these fibers were lost among fibers composing the medial lemniscus. However, a few fibers were traced further ventrolaterally up to the confines of the substantia nigra.
Discussion
The RN of most mammals is usually divided into the caudal RNmc and the rostral RNpc (Hatschek 1907; Massion 1967) . It is known that the RNmc is more extensive in lower mammals; in contrast, the RNpc develops in higher animals. Thus, in the rat, the RNmc occupies the caudal one-third (Reid, Gwyn and Flumerfelt 1975) , and in many monkeys, the volume of the RNmc is much reduced (Verhaart 1938; Friedemann 1912; Flumerfelt, Otabe and Courville 1973) , while in man, the RNmc is reported to be only rudimentary (Olszewski and Baxter 1954) . In the present classifying the RN neurons were different, most of the above authors distinguished three to four types of neurons in the RN. Of these, two to three types of neurons other than small neurons have been considered to be projection neurons . On the other hand, small neurons in the opossum (King, Dom and Martin 1974) and cat (RamOn y Cajal 1911) have been shown to be intrinsic neurons. The neuronal organization of the mouse RN observed in the present study was similar to that reported in the rat. At least some of the giant, large and medium-sized neurons were projection neurons. Although the axonal courses of the small neurons could not be traced, the morphology of these neurons resembled that of intrinsic small RN neurons described in the opossum as well as that of the intrinsic neurons reported in the dorsal lateral geniculate nucleus in the mouse (Iwahori and Mizuno 1984) . It is considered that the crossed RN efferents run in the ventral tegmental decussation, while the dorsal tegmental decussation is mainly composed of crossed tectal efferents (Carpenter and Sutin 1983) . As far as observed in the present study, crossed RN efferents were seen to run across the midline in the dorsoventral middle region of the tegmental decussation rather than in the ventral tegmental decussation. On the other hand, crossed tectal efferents traveled in a wide area of the tegmental decussation.
The interpositus and the dentate nucleus have been known to be the main sources of afferents to the RN (Massion 1967) . Recent studies (Flumerfelt, Otabe and Courville 1973; King et al. 1973; Caughell and Flumerfelt 1977) have demonstrated that these two nuclei project differentially to the RN: the interpositus nucleus sends fibers almost exclusively to the RNmc, while the dentate nucleus projects to the RNpc. In the present study, two types of cerebellar afferents were distinguished. According to the above studies, the type I and type II cerebellar afferents in the present study seem to correspond to the interpositorubral and dentatorubral fibers , respectively.
It is controversial as to whether there are cerebellar fibers ending totally within the RN or whether cerebellar afferents are collaterals of the cerebellothalamic fibers. Anatomical studies (Mehler, Vernier and Nauta 1958;
Courville 1966) and physiological study (Tsukahara, Toyama, and Kosaka 1967) have suggested that at least some of the cerebellorubral fibers were collaterals of the cerebellothalamic fibers. As far as observed in the present study, the main axons of the majority of the cerebellar fibers which emitted collaterals to the RN proceeded further rostrally or rostrolaterally beyond the RN among the cerebellothalamic fibers or in the medial lemniscus.
The afferent fibers from the ventrolateral aspect were reported in the mouse by RamOn y Cajal (1911). He noted that these fibers were derived from the medial lemniscus. However, after damaging the dorsal column nuclei in the cat (Matzke 1951 ) and monkey (Bowsher 1958) , no degenerated fibers were seen in the RN. Therefore, the lemniscorubral fibers should originate from other areas than the dorsal column nuclei. In the present study, some tips of the main axons and collaterals of the cerebellar afferent fibers could be followed into the medial lemniscus. Thus, there exist possibilities that at least some of the lemniscal fibers projecting to the RN may originate in the deep cerebellar nuclei. Furthermore, the RN has been known to receive fibers from the cerebral cortex (Rinvik and Walberg 1963; Kuypers and Lawrence 1967; Brown 1974 ). The corticorubral fibers were reported to reach the RN from the ventrolateral aspect. A few fibers from the ventrolateral aspect could be traced retrogradely up to a region near the crus cerebri and may represent in part the corticorubral fibers.
